Purpose: Although decreased natural killer cell activity (NKA) has been observed in many solid cancers, clinical implication of NKA has been scarcely investigated in lung cancer. The objective of this study was to evaluate the potential of using NKA to support diagnosis of nonsmall cell lung cancer (NSCLC).
Introduction
Natural killer (NK) cells are subpopulation of lymphocytes that play a major role in antitumor immunity. NK cells not only directly eliminate tumor cells by releasing cytolytic granules, but also stimulate adaptive immune response by secreting various cytokines against tumor cells.
1 NK cells are phenotypically defined by the expression of CD56 and lack of CD3 in their cell membrane. Human NK cells are divided into two subsets according to membrane density of CD16 and CD56. CD16 +
CD56
dim cells comprise the majority of NK cells and exhibit cytotoxic activity while CD16 -CD56 bright cells account for the minority and secrete various cytokines, including interferongamma (IFN-γ). 2 The latter can also acquire potent cytotoxicity after they are activated by proinflammatory cytokines. 3 Studies have shown that NK cell activity (NKA) is important for antitumor immune surveillance by suppressing tumor metastasis and outgrowth. 4 6, 7 Low NKA is associated with invasiveness of malignancy and high level of tumor recurrence and metastasis while high NKA is associated with favorable clinical outcome in various human cancers. 8, 9 A large epidemiologic study enrolling .3,600 Japanese general population with follow-up of 11 years has shown that low NKA is significantly associated with increased risk of cancer (all sites), suggesting the importance of immune surveillance by NK cells against cancer as well as the association between NKA and development of cancers. 10 Traditionally, chromium 51 ( 51 Cr) release assay or CD107a degranulation assay has been used to measure NKA. However, these methods are complex, expensive, and time consuming because they require isolation of peripheral blood mononuclear cells (PBMC) or NK cells from whole blood. 11 To overcome these difficulties, an innovative in vitro diagnostic device, NK Vue ® (ATGen, Seongnam, Korea) assay, has been recently developed and commercially used for the measurement of NKA. It simply measures IFN-γ secreted from NK cells as an indicator of NKA using a small volume of whole blood. 12 To stimulate NK cells ex vivo, this assay uses Promoca™, an engineered recombinant protein that can activate NK cells in the whole blood during incubation for 20-24 hours. In contrast to 51 Cr release assay, which measures cytotoxic potential of CD16 + CD56 dim subset, this assay measures IFN-γ released from whole NK cell population, including both CD16
-CD56 bright and CD16 + CD56 dim subsets as well as the ability of these cells to amplify immune response to tumors. 12 A few previous studies have demonstrated clinical utilities of this assay for the diagnosis or risk stratification of several cancers, including gastric, colorectal, and prostatic cancers. [13] [14] [15] [16] However, clinical implication of this assay in lung cancer patients has not been reported yet.
Previous studies have demonstrated impaired IFN-γ production and NK cell cytotoxicity as well as the association between tumor-infiltrating NK cells subset CD57 and prognosis in lung cancer patients. 17, 18 Considering these findings, NKA might be useful for diagnosing or predicting prognosis of patients with lung cancer as for other tumors. Thus, the objective of this explorative study was to investigate associations of NKA measured by NK Vue ® assay with clinical parameters in lung cancer patients and determine its clinical utility for lung cancer diagnosis.
Materials and methods study subjects and specimens
To compare NKA levels between lung cancer patients and cancer-free population, we prospectively enrolled healthy population, patients with benign lung disease, and non-small cell lung cancer (NSCLC) patients at Korea University Anam Hospital, between January 2016 and September 2017 and measured NKA for all groups. Healthy population included those who underwent general medical examination in our institution. They had no current evidence or previous history of cancer or active infection. Patients with benign lung disease were chosen among those who had asthma, bronchiectasis, COPD, idiopathic pulmonary fibrosis (IPF), pulmonary tuberculosis (TB), or pneumonia. Patients with NSCLC were those who had histologically confirmed NSCLC and underwent staging workups, including chest computed tomography, brain magnetic resonance imaging, and 18 F-fluorodeoxyglucose positron emission tomography. TNM staging was determined according to the seventh edition of International Association for the Study of Lung Cancer TNM staging system. Patients who took immunosuppressive drugs, including corticosteroids within the last 3 months and those who had autoimmune disorders were excluded. We reviewed electronic medical records to obtain demographic information, past medical or social history, and clinical data of all participants. This study protocol was approved by Clinical Research Ethics Committee of the Korea University Anam Hospital (approval number: MD15009). Written informed consent was obtained from all participants. This study was conducted in accordance with the Declaration of Helsinki.
Measurement of nKa
NKA was measured using NK Vue ® assay as described previously. 12 Briefly, 1 mL of fresh blood was collected using NK Vue ® tube (ATGen) and incubated at 37°C in a CO 2 chamber for 20-24 hours. For patients with benign lung disease and those with NSCLC, blood samples were obtained before any treatment. The NK Vue ® tube contains Promoca™, a patented recombinant protein that can activate NK cells in whole blood. Following incubation, cell-free supernatants were harvested, transferred into 1.5 mL conical tubes, and centrifuged at 13,000 rpm for 1 minute at room temperature. Supernatants were again transferred into 1.5-mL conical tubes and frozen at -20°C for a period of up to 2 weeks. IFN-γ levels in these supernatants were measured by ELISA. Prior to assay, tubes were thawed at room temperature and centrifuged at 13,000 rpm for 1 minute at room temperature. The supernatant was then immediately loaded onto ELISA plate. Absorbance value was measured at wavelength of 450 nm. Concentrations of IFN-γ were determined with a calibration curve and expressed as pg/mL. The measuring range was 0.1-4,000 pg/mL. 
CD56
bright NK cells has been suggested as one of the mechanisms of decreased NKA. 19 Thus, we assessed CD16
+ CD56 dim /CD16 -CD56 bright NK cell subset ratio for some subjects of this study to investigate whether altered NKA is attributable to change of this ratio. The first 20 subjects from each group were selected and their NK cell subset distributions were analyzed using flow cytometry. A 5-mL sample of whole blood was collected in a heparin tube and diluted with PBS in a 1:1 ratio. PBMCs were isolated by centrifugation from the diluted whole blood and overlaid on Histopaque ® 1077 (Sigma-Aldrich, Darmstadt, Germany) in a conical tube. These collected PBMCs were washed and resuspended in staining buffer. PBMCs were stained with Alexa Fluor488-anti-CD56, APC-anti-CD16, and PE-anti-CD3 fluorochrome-conjugated monoclonal antibodies (BD Biosciences, Seoul, Korea). After the reaction was completed, the mixture was transferred to a conical tube and analyzed by BD FACSCalibur™ (BD Biosciences 
Results

characteristics of subjects
Demographics and clinical characteristics of subjects in each group are summarized in Table 1 . A total of 151 subjects were enrolled, including 40 healthy population, 40 patients with benign lung disease, and 71 with NSCLC. All were Koreans.
Their median age was 68.7 years (range, 51-80 years). Although there were no significant differences in the distribution of age or gender, the proportion of ever smoker was significantly lower in the healthy population compared with that in the other two groups (P,0.05 NKA (P,0.001). In the multivariate analysis, the diagnosis of NSCLC was the only independent clinical parameter affecting NKA (P,0.001).
comparison of nK cell subset distribution in three groups
Representative flow cytometric data showed the distribution of total NK cell population represented as CD3
-CD56
+ cells ( Figure S1A ) and two major subsets, CD16 (IQR: 21.0-68.9), and 62.7 (IQR: 38.0-92.4), respectively. These ratios did not differ significantly among the three groups (P=0.756). We also evaluated whether NKA might be correlated with CD16
dim /CD16 -CD56 bright NK cell subset ratio in our study population. However, NKA was not correlated with such ratio (rho =0.003, P=0.645) ( Figure S2 ).
Performance of nKa for the diagnosis of nsclc
The performance of NKA for the diagnosis of NSCLC was assessed using ROC curve analysis. With healthy population and patients with benign lung disease as reference, the area under the curve (AUC) was 0.762 (95% CI: 0.685-0.838, P,0.001). At a cutoff value of 391.0 pg/mL, NKA had a sensitivity of 52.3%, a specificity of 91.0%, a positive predictive value of 85.3%, and a negative predictive value of 65.4% for the diagnosis of NSCLC ( Figure 3A) . With benign lung disease group as reference, AUC was 0.735 (95% CI: 0.638-0.830, P,0.001) with a sensitivity of 50.8% and a specificity of 89.1% ( Figure 3B ). With healthy population as reference, the AUC was slightly increased to 0.798 (95% CI: 0.706-0.872, P,0.001) with a sensitivity of 53.6% and a specificity of 92.8% ( Figure 3C) .
Discussion
This present pilot study showed that NKA was significantly decreased in NSCLC patients compared with that in healthy population or patients with benign lung diseases. At a cutoff level of 391.0 pg/mL, NKA could discriminate NSCLC patients from other populations without lung cancer with high specificity. In addition, diagnosis of NSCLC was the only independent factor associated with NKA after adjusting for various clinical parameters. To the best of our knowledge, this is the first study to demonstrate decreased NKA in lung cancer patients measured by a novel IFN-γ releasing assay and identify the potential usefulness of this assay as a supportive method for diagnosis of NSCLC.
Previous studies have reported the decreased NKA in a variety of human malignancies and the association between altered NKA and prognosis in various types of cancers. 4, 14, 15 Thus, NKA might be useful as a potential prognostic or diagnostic biomarker in various tumors. To measure NKA, the current standard method is 51 Cr release assay or flow cytometry-based assays to reveal the cells' cytotoxic activity or ability to produce cytokines. However, those methods are labor-intensive and require long turn-around time. 11 Figure 3 receiver operating characteristic curve analysis of nKa for the diagnosis of nsclc being control groups (A), benign lung disease (B) and healthy population (C) as references. The AUCs ranged from 0.735 to 0.789 with considerable sensitivity and specificity (all P,0.001). Based on aUc value, the best diagnostic performance of nKa was noted when the reference was the healthy population. Abbreviations: aUc, area under the curve; nKa, natural killer cell activity; nsclc, non-small cell lung cancer.
useful method because it can estimate cytotoxicity and cytokine production activity of NK cells. The method used in the current study is a novel assay to evaluate NKA in a simple and standardized manner. Following in vitro stimulation using a patented recombinant protein, it measures concentration of IFN-γ as a surrogate marker for NKA. Although NK cells are known to be the only cells that can produce this cytokine in whole blood upon stimulation, possible contribution of other immune cells during this assay should be taken into account. To eliminate this concern, a recent study has analyzed the distribution of IFN-γ-expressing lymphocyte subsets and verified that NK cells are predominant source of IFN-γ in this assay suggesting the result per se reflects NKA. 21 Our present study clearly showed decreased NKA measured by this novel assay in NSCLC patients, consistent with previous studies that measured NKA using traditional methods. 18, 22 Taken together, this assay can be a simple and feasible method to evaluate NKA in daily clinical practice. Although large-scaled studies are required to validate our results, the present data suggest potential usefulness of this assay to support lung cancer diagnosis.
We observed profound decease in NKA in patients with advanced NSCLC compared with that in those with earlystage disease, consistent with previous reports on other solid tumors. [13] [14] [15] Compromised NKA in advanced diseases shown in previous data and our results reflects NK cell dysfunction and impairment of host's immune surveillance, where cancer cells readily metastasize to lymph nodes or other organs. Mechanism of decreased NKA in malignancy is not fully understood yet. However, previous studies have suggested that it is not due to decreased number of NK cells, but attributable to impaired immune regulatory system in cancer patients. 22, 23 In addition, humoral factors, such as tumor growth factor-beta1 released from tumor-associated monocyte/macrophage have been suggested to be associated with NK cell dysfunction. 23 Moreover, reduced CD16 -CD56 bright NK cell subset as major source of IFN-γ has been suggested as another mechanism. 19 In the present study, we further assessed the ratio of CD16
NK cells to investigate whether this ratio was different among study groups and whether NKA was affected by this ratio. Our data showed that the ratio was not different among 
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choi et al groups and it was not correlated with NKA. These findings suggest that the difference in NKA among our study groups was not due to change of NK cells subset distributions but rather reflects cytokine-producing capacity of both subsets of NK cells. Furthermore, our data suggest that measurement of NKA rather than NK cells subset ratio can be a feasible method that can support lung cancer diagnosis.
Our data showed that NKA varied with stage of NSCLC. Although there was no significant difference in NKA between two groups, a decreasing tendency was shown in early-stage NSCLC patients compared with control groups (912.7 vs 1,372.3 pg/mL, P=0.08). Subsequent studies need to assess possible clinical implication of NKA in early-stage NSCLC. At this point, NKA alone seems to be unsuitable for screening or detecting early lung cancer. However, NKA could be used as a surveillance method after systemic treatment in advanced diseases because compromised NKA implies evasion of antitumor immune response and progression of tumors. Future studies should focus on serial changes of NKA during the clinical course and the possible implication of NKA-based monitoring during lung cancer treatment. Despite the weak relevance of NKA in early-stage NSCLC, clinical utility of NKA measurement in high-risk smokers who undergo lung cancer screening and the discriminative power of NKA for differentiating malignant nodules from benign ones would be feasible topics for future investigations. Although there are scarce data on the implication of NKA in patients with precancerous or early-stage malignant lesions, our hypotheses are supported by a recent study demonstrating significantly compromised NKA in subjects with colorectal adenomas compared with those without such lesions in colonoscopy. 24 In the present study, diagnosis of NSCLC was the only clinical parameter associated with NKA. Although there are some conflicting data, human NKA does not seem to be affected by age or gender. 25 In terms of smoking, a few in vitro or in vivo studies have suggested that cigarette smoking may be associated with low NKA. 26, 27 A small human study on the effect of life style on individual NKA has reported similar results. 25 However, there was no report on the association between cigarette smoking and NKA in diseased population so far. In the present study, we could not find any association between smoking status and NKA either in each study group or in whole study population analyzed by multivariable analysis. Although sample size is small, we can cautiously postulate that adverse effect of smoking on NKA can vary according to individuals' health status and NKA may not be affected by smoking status at least in patients with lung cancer. The association between smoking and NKA in the population with medical illness, and the possible difference of smoking effect on NKA between patients with benign and malignant disease should be a topic of future studies.
This study has several limitations. First, this was a small explorative study performed in a single institution without matching clinical factors, such as age and sex among groups. To make up for the small sample size, we enrolled subjects prospectively and included patients with benign lung disease as a control along with healthy population. Second, we did not simultaneously evaluate or compare diagnostic performance of other biomarkers for lung cancer. Comparison of diagnostic value and evaluation of combined effect with established biomarkers, including carcinoembryonic antigen and cytokeratin 19 would provide more informative data. Finally, we did not evaluate the prognostic value of NKA in NSCLC patients. To that end, we are currently performing prospective studies to evaluate the impact of NKA on tumor recurrence or survival in early-stage lung cancer patients who received surgical resection and its impact on clinical outcome in advanced NSCLC patients treated with various systemic treatments.
Conclusion
In summary, we verified that NKA was reduced in patients with NSCLC compared with that in cancer-free population. NKA was compromised more in those with advanced NSCLC than in those with early-stage disease, reflecting more profound immune escape of lung cancer cells in the former. Our data suggest the clinical implication of NKA measurement using a simple blood test and the usefulness of NKA as a potential supportive method for lung cancer diagnosis. Further validation of our results in large population and identification of prognostic value of NKA are clearly required. Our pilot results provide a basis for future investigation on NKA in various clinical settings for lung cancer management, including complementary lung cancer screening method among high-risk smokers and discrimination of individuals with high recurrence risk after surgery, which might facilitate the clinical use of this novel assay.
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